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@ Process for the preparation of water absorptive resin. 

/S) A process for the preparation of water absorptive resins 
wftch comprises supplying a solution containing at least 20<W> 
bv weight of a water soluble ethytenlcaJly unsaturated monomer 
as a main component to a polymerization vessel accornmodat- 
ing a vapor phase comprising steam or a mixture of steam with 
at leastone gas substantially inert with respect to polymeriza- 
tion, and polymerizing the monomer in the vapor Ph^"** 
the relative humidity conditions in the vapor phase of 30Q/0 or 
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BACKGROUND OF THE INVENTION 

Held of the Art 

re J at K ^ S to u a P^cess for the preparation of water absorptive resins obtained by the 
ffi SniJ Z ? ,Uble eth y ,enica "y unsaturated monomers, wherein a solution containing a water 
m?£p^ ^saturated monomer as a main component is fed into a vapor phase SSKSh 

abJor^ the present invention, there is provided a process for the preparation of water 

ZSZZSSSSZ" '° ; """r*'""" accommodating .h. above nSiSS^Sr^STSS 

n^linr' 0 ^' the waterabsorptive resins have been increasingly used for sanitary goods such as sanitary 
SS^S^ZT bU " din i materia,S ' contei »^ed shipments, marine transportation or £ KS 
the purpose of prevent.ng dew condensation, thus making a good deal of contribution to life In society 

Background Art 

1)"- An «. 1Vpfc ? * SUCh P roducts are Prepared by the following processes, 
oetralfi |2EE2£ k « a " a 'P: u . nsaturated carboxylic acid or Its alkali metal salt is suspended in a 
SSmSS^^S^ fc con,ainin 9 a sucrose «ty acid ester in the presence or absence of a 
crossing agent and then polymerized in the presence of a radical polymerization initiator. 

hvd-L^n , f° ,Ut, °" 01 aCrylic ac,d or its alkali salt is suspended In an alicyclic or aliphatic 
hydrocarbon solvent containing a surface active agent having an HLB of 8 to 12 and then polymerized in 
the presence of a water soluble radical polymerization initiator polymerized in 

P oLe^Sle^Tu% a A Lnd S ^h and ce " ulos f and at lea =* ™ (B) of monomers having an addition 
d whfch water so,ub,e or made water soluble by hydrolysis are polymerized 

v^SS^SSSS^^ add6d t0 * heated a, ' ueous so,utio " containing potassium acrylate and a 
Zl 7 5 Jfi le d,Vlnyl compound ^ a concentration range of 55 to 80<Vb by weight in which thev 

sweinng ^Tmers 00 * * water content 5 *SZ2S 

nllin^t. 11 . 6 ,^" 9 !? a P fotective colloid a reaction product obtained by grafting 1 to 20% of an 
WORSES S^Sff < S d . 0r H B !"? ydride ° n 8 mono ^ lefi " ic Poller having a molecularweight^ 
to 100 In'™.™, P * ° bta, . ned by the 03ddation <* « mono-olefinlc polymer to a final acid value of 10 
to ^ ^ Uti ^ If . sus P ended in a »^' d which is hydrophobic and inert vvn^ respect 

In Xff th^te^hl h ^^^ Zed ,he pr6SenCe °' a water soluble radical polymerization initiator, 
susofnsion 'S^SSJSl P 6 m P re P ared ,hrou S h the synthesis of polymers by reverse-phase 

SO SSI o P S^eirXr p rcJeef i0n a£ « ueous solution Weriz^tion. 

ooSnvXn n !°^ al J? 0,ymeriZat!on P rocesses nave inv Cved various problems due to bulk polymerization or 

StnTtence t£ S ° T I" the f ° rm 01 drop,ets but dis P ersed in solvents * 

For .nstance, the bulk polymenzat.on has needed a specially designed polymerization vessel due to very 
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Increased viscosity of the resulting polymers, or the addition of a specific surfactant so as to reduce a large 
amount of residues remaining within the vessel. There has also been a need of providing an additional 
pulverizer to prepare the obtained polymers as powdery products, leading to another need of granulating or 
re-pulverizing the resulting finely divided powders, etc. Thus, the bulk polymerization processes have been still 
unsatisfactory from an economical standpoint of view. 

On the other hand, the processes for polymerizing liquid monomers in the form of droplets but dispersed in 
solvents has the advantages that general-purpose tank type of reactors can be employed and the polymers 
are obtained In granular form and thus easy to handle. However, such polymerization processes have been 
again economically unsatisfactory because of additional equipment for separating the resultant polymers from 
the solvents, recovering and purifying the solvents and other purposes being needed. 

In Japanese Patent Publication No. 32-10196, there has been proposed a process for obtaining polymers 
with a wide range of molecular weight at a high degree of conversion by the spray polymerization of acrylates. 
However, this process Is found to give only water soluble polymers. This Is because water is selectively 
evaporated from the supplied monomer droplets to precipitate the acrylates, resulting in a considerable 
lowering of the conversion of the monomers and the degree of polymerization, since an extended induction 
period of persulfates gives rise to a drop of relative humidity due to a temperature rise under conditions 
involving mere overheating of air and an elevated temperature is applied. 

In Japanese Patent Laid-Open Publication No. 49-105889, there has been proposed a process for the spray 
polymerization of acrylates with the use of a redox initiator. With this process giving water soluble polymers, It 
is impossible to obtain such self-cross I inked water-insoluble water absorptive resins as attainable in the 
present invention. 



SUMMARY OF THE INVENTION 

An object of the present invention is to eliminate the defects of the prior art and provide a process for 
preparing water absorptive resins obtained by the polymerization of water soluble ethylenically unsaturated 
monomers in a stable manner. 

More specifically, the present invention provides a process for the preparation of water absorptive resins 
supplying a solution containing at least 20% by weight of a water soluble ethylenicallyaliy unsaturated 
monomer as a main component to a polymerization vessel accommodating a vapor phase comprising steam or 
a mixture of steam with at least one gas substantially inert with respect to polymerization, and polymerizing the 
monomer in the vapor phase under the relative humidity conditions in said vapor phase of 30<Vb or more. 

The present invention further provides a process wherein the above vapor phase polymerization is carried 
out using such a polymerization vessel that the temperature of the inner wall thereof is adjusted to be higher 
than that of the vapor phase. 

In the preparation of such water absorptive resins obtained by the polymerization of water soluble 
ethylenically unsaturated monomers with the application of, e.g., bulk polymerization, it has been required to 
rely upon a specially designed reactor, leave a large amount of residues within the reactor, or granulate or 
re-pulverlze pulverized and finely divided powders, etc. In the preparation of water soluble resins by the 
polymerization of a monomer solution in the form of droplets but dispersed in solvents, some additional 
equipments for separating the resulting polymers from the solvents, recovering and purifying the solvents and 
other purposes have been needed. In view of the above, it Is believed that the process of the present invention 
makes a great contribution to solving the problems of the conventional polymerization processes, since 
granular polymers are obtained with a reactor of simple structure without any solvent being used. 

According to the first aspect of the present invention, the polymerization of water soluble ethylenically 
unsaturated monomers Is carried out in a vapor phase comprising steam alone or In combination with a gas 
substantially inert with respect to said polymerization, thereby making it possible to polymerize said 
monomers within a short period of time. According to the second aspect of the present invention, the 
temperature of the Inner wall of a polymerization vessel is made higher than that of the vapor phase 
accommodated therein, thereby keeping polymer deposits from being accumulated on the inner wall of the 
polymerization vessel, or making it easy to remove such polymer deposits, if any. 

The present invention makes a great deal of contribution to Industries, since economical processes are 
feasible with the achievement of reduced cost and stable quality. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Figures 1 and 2 are views illustrative of two embodiments of the polymerization vessel used in the 
present invention; 

Figure 3 is a view showing one embodiment of the polymerization vessel of Fig. 1 additionally provided 
with a drying unit; and 
Figure 4 is a view illustrating one modification of the polymerization vessel of Fig. 1. 
Throughout the drawings, reference numeral 1 stands for a polymerization vessel (provided with a steam 
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jacket); 2 a nozzle for supplying a feed monomer; 3 a gas stream distributor; 4 a feed monomer supply Una; 5 a 
gas stream supply line; 6 and 15 gas stream heaters; 7 a gas stream supply blower; 8 a gas stream regulating 
damper; 9 a gas stream supplementing line; 10 a gas stream discharge line; 11a solid/gas separator; 12 a 
solid (polymer) discharge line; 13 an ultraviolet irradiator and/or a high-energy radiator; 14 a gas stream 
5 circulating line; 16 a drying section; 17 an air knocker; and 18 a steam supply line. 



DETAILED DESCRIPTION OF THE INVENTION 

10 

Water Soluble Ethylenically Unsaturated Monomers 

The water soluble ethylenically unsaturated monomers used in the present invention may be any monomers 
which are convertible into highly water absorptive resins and impart satisfactory water absorption capacity 
thereto after drying and other post-treatments. 
15 The water soluble monomers imparting such capacity to the resins may include water soluble ethylenically 
unsaturated monomers having functional groups derived from carboxylic acids and/or their salts, phosphoric 
acids and/or their salts and sulfonic acids and/or their salts. More specifically, use may be made of, e.g., 
(meth)acrylic acid or its salt, maleic acid or its salt, itaconic acid or its salt, vinylsulfonic acid or its salt, 
2-aciylamide-2-methylpropanesuifonic acid or its salt, 2-acryloylethanesulfonlc acid or Its salt, 2-acryloylpro- 

20 panesulfonic acid or its salt, 2-methacryioylethanesulfonic acid or its salt and vinylphosphonic acid or its salt, 
which may be used alone or in combination of two or more. It is understood that the term "(metrOacryP shall 
mean both "acryl" and "methacryP. Among others, particular preference is given to acrylic acid or (and) its salt 
in which at least 20°/o of its carboxyl groups are neutralized into Its alkali metal or ammonium salt by sodium 
hydroxide, potassium hydroxide, ammonium hydroxide and the like. At a degree of partial neutralization below 

25 20<Vb, there will be a considerable drop of the water absorption capacity of polymers. 

In the case of partially neutralized sodium saJt of acrylic acid, the salt in which 200/o to below 95<>/o, preferably 
350/o to below 900/o t more preferably 400/o to below 8OO/0 of the carboxyl groups are neutralized may be used. A 
degree of partial neutralization below 200/0 is not preferred, since partially neutralized sodium acrylate then 
decreases in its ability of imparting water absorption capacity to the resulting polymer, although increasing 

30 remarkably in its solubility in water. A degree of partial neutralization higher than 95% is again not preferred, 
because not only is the solubility in water reduced to a very low level, but also any prominent improvement is 
not introduced into the water absorption capacity of the resulting polymer. In the case of partially neutralized 
potassium salt of acrylic acid, the salt in which 40% or more, preferably 60% or more of the carboxyl groups 
are neutralized may be used. 

35 In addition to the above water soluble ethylenically unsaturated monomers, use may be made In the present 
invention of monomers copolymerizable therewith such as, (meth)acrylamlde, 2-hydroxyethyt (meth)acryla- 
mide, (poly)ethylene glycol mono(meth)acrylate and 2-hydroxyethyl (meth)acrylate as well as monomers of 
low water solubility, for instance, alkyl acrylates such as methyl and ethyl acrylates in an amount which will not 
impair the capacity of the resulting water absorptive resin. 

40 Further, crosslinking agents and additives may be added to such monomers for the improvement of water 
absorption capacity. Preferably used as the crosslinking agents are water soluble compounds copolymeriz- 
able with the monomers and including at least two functional groups capable of reacting with such functional 
groups as carboxylic, phosphoric and sulfonic acids such as, for instance, divinyl compounds exemplified by 
N.N'-methylene-bis(meth) acrylate and (poly) ethylene glycol (meth)acrylate; polyglycidyl ethers exemplified by 

45 ethylene glycol glycidyl ether and polyethylene glycol glycidyl ether; polyols exemplified by glycerin and 
pentaerythritol; and polyamines such as ethylenediamlne. Of these compounds, particular preference is given 
to N,N'-methyIene-bis(meth)acrylarnide. The amount of the crosslinking agent used is In a range of 0.001 to 
1.0% by weight, preferably 0.01 to 0.5% by weight relative to the amount of the monomer(s) charged. When 
the crosslinking agent is used in an amount exceeding 1.0% by weight, the water absorption capacity of the 

50 resulting polymers is very low due to their very high degree of crosslinking. When it is used in an amount less 
than 0.0010/0 by weight, on the other hand, there is obtained a polymer having a very low degree of 
crosslinking. Such a polymer has as low a strength upon water absorption that it cannot stand up to practical 
use or is in the form of a water soluble polymer. 
The additives may be exemplified by inert inorganic powders such as finery divided silica, titanium dioxide 

55 powders and alumina powders or surface active agents, and may optionally be used in suitable amounts 
depending upon the desired purposes. 

In the present invention, use may also be made of powdery to granular carriers for water absorptive resins, 
which are either dispersed in an aqueous monomer solution of such components as mentioned above or 
supplied separately from the aqueous monomer solution. Such carriers may include porous or water 

60 absorptive materials such as cellulose powders, chopped fibers and pulverized sponges; inorganic materials 
such as clay and ceramics; and other materials. Such additives may be used in excess of the water soluble 
monomer(s) or the water soluble polymer obtainable therefrom. Even In such a case, esp., when the additives 
are present in the monomer solution, what is supplied to the vapor phase constituting the polymerization 
system shall be taken as being "a solution containing a water soluble ethylenically unsaturated monomer as a 

65 main component 11 . 
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According to the present invention, a solvent for the 'solution containing a water soluble ethylenicaily 
unsaturated monomer as a main component" may be water or a mixture of water with various water-soluble or 
mlscible materials. The latter water-soluble or miscibie materials may be water soluble organic solvents or 
inorganic salts and used depending upon the desired purposes. A water soluble polymerization initiator (to be 
later described in detail) may also be dissolved in this solution. 5 

The concentration of the water soluble ethylenicaily unsaturated monomer in the aforesaid solution 
containing a water soluble ethylenicaily unsaturated monomer, i.e., the feed monomer solution for 
polymerization is at least 20°/o by weight, preferably at least 25% by weight. A concentration less than 20% by 
weight is not preferred, since no satisfactory water absorption capacity Is obtained of the water absorptive 
resins after polymerization. It is noted, however, that the upper limit concentration is about 80% by weight 10 

It Is here understood that the concentration of partially neutralized sodium acrylate In the above aqueous 
solution is usually in a range of 45 to 80% by weight, preferably 55 to 70<Vo by weight, although varying with the 
degree of neutralization. A concentration higher than 80% by weight is not preferred, since it is then required 
to bring the aqueous solution of partially neutralized sodium acrylate to a considerably high temperature or 
reduce the degree of its neutralization to as small as, e.g., 20% or below. On the other hand, a concentration 15 
lower than 45% by weight is unrecommendable, since no appreciable effect upon the improvement of water 
absorption capacity is found and a longer time and larger energy are required for post-drying treatments due 
to increase In the concentration of water. In the case of partially neutralized potassium acrylate, a 
concentration of 45 to 80% by weight, preferably 55 to 80% by weight, is usually adopted. 

For the neutralization of acrylic acid into such a sodium salt as mentioned above, use may be made of a 20 
hydroxide or bicarbonate of sodium or the like, but particular preference is given to sodium hydroxide. 

Polymerization 

According to the process of the present invention, the monomer solution is polymerized in a vapor phase. 25 
Any desired method and equipment suitable for the intended purposes may be used, provided that such 
polymerization is achievable and the temperature of the inner wall of a polymerization vessel can optionally 
made higher than the vapor phase polymerization temperature. 

A polymerization vessel In which a vapor phase defining a polymerization site is contained to carry out the 
vapor-phase polymerization of the present invention may take any desired form inclusive of tank or tubular 30 
form with the proviso that its inner wall's temperature can be maintained at a given or predetermined level. 

In order to maintain the inner walPs temperature at a given or predetermined level, the polymerization vessel 
may be provided with an external circulation system of the vapor phase in which the vapor phase is heated or 
cooled. Alternatively, the polymerization vessel may be provided with an externai jacket through which a 
suitable heating medium circulates or electrically heating means. 35 

In order to prevent polymer deposits from being formed within the polymerization vessel or make it easy to 
remove such polymer deposits, it is preferred that no additional equipments Is provided therein. However, 
suitable additional equipments such as baffles and stirrers may be provided in place so as to regulate a flow of 
the vapor phase in the polymerization vessel. 

it is required that the polymerization vessel be provided with at least one inlet for feeding the aqueous 40 
monomer solution, etc. thereto and at least one batchwise or continuous Inlet for discharging the resulting 
polymer powder therefrom. The polymer powder may be discharged from the polymerization vessel together 
with a part of the vapor phase which keeps the powder fluldized. 

Figures 1 to 3 show suitable embodiments of the apparatus used in the present invention for the purpose of 
exclusively illustrating the principles of the present invention. Thus, it is Included in the scope of the present 45 
invention to provide additional devices without departing from the purport of the present Invention. 

Referring first to Figure 1, there is shown one embodiment of the apparatus designed to initiate 
polymerization with the use of a chemical polymerization initiator. Referring then to Figure 2, there Is shown 
one embodiment of the apparatus designed to Initiate polymerization with the irradiation of ultraviolet rays 
and/or high-energy radiations which may be used optionally in combination with the chemical polymerization 50 
initiator. 

Figure 3 is a view illustrating the apparatus of Fig. 1 which Is additionally provided with a drying unit. 
Obviously, this additional unit may also be provided to the system of Fig. 2. 

Referring finally to Figure 4. there is shown one modification of the apparatus of Fig. 1 , wherein a gas stream 
Is supplied in countercurrent contact with the monomer droplets fed. For the reference numerals given 55 
throughout Figures 1 to 4. see "BRIEF DESCRIPTION OF THE DRAWINGS". 

The solution containing the water soluble ethylenicaily unsaturated monomer as a main component is 
supplied through one or more feed inlets into the polymerization vessel while preferably being uniformly 
dispersed throughout the vapor phase. Although no special limitation is imposed upon how to supply the feed 
solution, it is preferably fed with an atomizer or a spray in view of uniform dispersion. The feed solution may be 60 
supplied in any one of gravitational, counter-gravitational, horizontal (e.g., centripetal or tangential) and other 
directions. Preferably, It Is supplied In the counter-gravitational direction. 

The monomer solution to be supplied may be at ordinary temperature or at a temperature higher or lower 
than ordinary temperature in view of temperature controlling. 

In order to initiate the polymerization of the water soluble ethylenicaily unsaturated monomer solution after 65 
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its feeding, it has previously been mixed with a polymerization initiator or Is mixed In the polymerization vessel 
with a polymerization initiator supplied through a feed Inlet provided separately from the aqueous monomer 
solution feed inlet, if required, with the application of heat, etc. Alternatively, the monomer solution may be 
mixed with a photosensitizer and irradiated with ultraviolet rays after fed to the polymerization vessel. Still 
alternatively, the monomer solution may be irradiated with high-energy radiations after fed to the 
polymerization vessel. 

Thus, according to the present invention the monomers are typically polymerized using a water soluble 
radical polymerization initiator, ultraviolet rays, high-energy radiations or other means, which may be applied 
alone or in combination of two or more. 

The water soluble radical initiators used in the present Invention are well known in the art of polymer 
chemistry. Specifically enumerated are inorganic or organic peroxides, e.g., persulfates (ammonium salts, 
alkali metal salts, esp., potassium and other salts), hydrogen peroxide, di-tert-butyl peroxide, acetyl peroxide 
and the like. In addition to these oxides, azo compounds or other radical polymerization initiators such as 
2,2'-azobIs(2-amidInopropane)dihydrochloride may be used provided that they exhibit a certain level of water 
solubility. 

The polymerization is initiated by the decomposition of the radical polymerization initiator, which is 
conventionally effected by heating, it is noted in this connection that since the polymerization initiator has 
already been often brought up to its decomposition temperature at a time when coming in contact with the 
monomer, the polymerization of the monomer Initiated by mere addition of the initiator thereto in the absence 
of any external heat is herein also included in the category of the decomposition by heating. Another well 
known means for promoting the decomposition of the polymerization initiator is to use a chemical substance. 
If the polymerization initiator is a peroxide, then the substance for accelerating Its decomposition is a reducing 
compound (of water solubility in the present invention). For instance, an acidic sulfite, ascorbic acid, an amine 
or the like may be used in combination with a persulfate. The polymerization initiators comprising 
combinations of peroxides with reducing compounds are well-known as "redox Initiators" in the art of polymer 
chemistry. Accordingly, the term "polymerization initiator" is herein understood to include initiators combined 
with such decomposition accelerating substances, esp., the redox initiators. 

The amount of the above water soluble radical polymerization initiators to be used is generally in a range of 
0.001 to 1 oo/o by weight, preferably in a range of 0.1 to 5<>/o by weight, relative to the water soluble ethylenically 
unsaturated monomer. 

The high-energy radiations used may include electromagnetic radiation, corpuscular ion radiation and so on. 
For polymerization with the irradiation of ultraviolet rays, a photosensitizer Is often used. 

Referring to the type of gases forming a vapor phase providing a polymerization site for the polymerization 
of the water soluble ethylenically unsaturated monomer solution, any gases substantially inert with respect to 
the polymerization may be used. More specifically, use may be made of one or two or more gases selected 
from the group consisting of steam, air, nitrogen, argon, helium, neon and like gases. Industrially suitable are a 
mixture of air and/or nitrogen with steam or steam alone. The relative humidity of gas phase is at least 30%, 
preferably at least 60%. A relative humidity less than 30% is not preferred, since (when the supplied monomer 
droplets have a diameter of less than 10u.<p) water Is evaporated from the monomer droplets prior to the 
initiation of its polymerization to precipitate solid matter which remains as unreacted monomer matter or, In 
some cases, the polymerization is not initiated at all. Although air may inhibit polymerization in some cases, It is 
herein understood that air may be taken as being a gas substantially inert with respect to the polymerization. 

In consideration of the amount of heat carried by the aqueous feed monomer solution and the heat of 
polymerization, the vapor phase should be set at a temperature sufficient to immediately initiate and continue 
the polymerization. In terms of the polymerization temperature after the initiation of polymerization, a 
temperature of generally 1 0 to 300° C, preferably 20 to 250° C, more preferably 20 to 1 10° C is applied, although 
the polymerization temperature correlates with how to effect the initiation of polymerization and the rate of 
polymerization. At a temperature lower than 10° C, any industrial process is not economically achievable, since 
the rate of polymerization slows down with an increase in the space distance involved. At a temperature 
exceeding 300° C, on the other hand, the resulting polymers increase in the density of crosslinking because of 
their aptness to self-crossltnking, leading to decrease in the water absorption capacity. 

When using steam alone, the temperature of the vapor phase Is generally in a range of 20 to 300° C, 
preferably 105 to 230° C. At a temperature below 20° C, any industrial process is not economically achievable, 
since the rate of polymerization slows down with an increase In the residence time Involved. At a temperature 
exceeding 300° C, on the other hand, the resulting polymers again increase in the density of crosslinking with a 
decrease in the water absorption capacity because of their aptness to self-crossllnking. It is understood that 
the process of the present invention is feasible even at a temperature as high as 200° C or above, at which 
usual liquid-phase polymerization encounters difficulty, probably because the temperature of the resultant 
polymers is not appreciably increased due to a reduced polymerization time. 

Since no particular limitation is imposed upon the pressure of the vapor phase, the process of the present 
invention may be carried out under reduced pressure, normal pressure or pressure. 

No particular limitation is placed upon the direction of a stream of a gas or gases forming the vapor phase 
with respect to the flowing direction of the water soluble ethylenically unsaturated monomer solution fed. In 
other words, the gas may flow countercurrently or concurrently, or may be kept stationary. However, It Is 
preferred that the gas or gases flows or flow counter-gravltationally, since the length of the residence time of 
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the water soluble ethylenically unsaturated monomer solution can then be increased. It Is also preferred that 
the stream of the gas has a velocity distribution within the reactor. It is possible to flow the gas in the vicinity of 
the wall surface at a high velocity or supply the gas from the wall surface. The flow velocity of the gas may be 20 
m/sec. or below, preferably 5 m/sec. or below, as expressed in terms of average flow velocity. A velocity 
exceeding 20 m/sec. Is economically undesirable, since there is then a need of supplying the gas in a large s 
amount, which leads to another need of providing a blower of large size, etc. 

Predetermined for the residence time of the feed monomer in the gas stream is a certain range in which 
satisfactory results are obtained, which varies depending upon the temperature of the gas stream, the partial 
pressure of steam in the gas stream, the temperature of the feed monomer and other factors. However, such a 
residence time is in a range of preferably 0.01 to 120 seconds, more preferably 0.1 to 60 seconds. If the 10 
residence time is below 0.01 second, the resulting polymers will then fail to retain shape upon water absorption 
due to low conversion of the monomers Into the polymer and Insufficient crosslinking. A residence time 
exceeding 120 seconds is, on the other hand, uneconomical due to an increase In the size of the 
polymerization vessel to be used. 

Preferably, the polymerization carried out under the foregoing vapor-phase conditions, for the most part, 15 
proceeds in the vapor phase. It is noted that this polymerization may be easily carried out in any one of 
batchwise. semi-batchwise or continuous modes of operation by controlling the residence time of the feed 
monomer solution after fed to the polymerization vessel with the gas flow velocity. Of these modes, preference 
is given to the continuous mode of operation from an industrial standpoint of view. After the polymerization, 
the polymer products may be coilected and recovered by suitable means such as stationary settling, cyclones 20 
and filters, which may be selected depending upon their particle size. 

In order to prevent the formation of polymer deposits on the reactor's wall surface or easily remove such 
polymer deposits. It Is desired that the temperature of the reactor's wall surface be at least 10°C, preferably at 
least 30° C higher than the temperature of the vapor phase in the reactor. When the temperature difference is 
less than 10°C, difficulty is experienced in the continuous operation of the reactor over an extended period of 25 
time due to an increase in the amount of the polymer deposits built-up. Moreover, It is desired that the 
temperature of the reactor's inner wall surface per seat least 20° C (preferably up to 300° C), preferably at least 
90°C, more preferably at least 130°C. 

If the aforesaid conditions are applied to the temperature of the wall surface, It is then possible to prevent 
the formation of polymer deposits or easily remove such polymer deposits. In order to enhance such an effect, 30 
the wall surface, if formed of a metal, may be processed to impart more increased smoothness thereto or 
coated with resin. 

For easy removal of polymer deposits from the inner wall surface of the reactor during Its operation, some 
impacts may be applied thereto by means of, e.g., an air knocker. Alternatively, a gas stream may be applied to 
the reactor's wall surface by means of an air sweeper. More satisfactory results are obtained by using such 35 
means in combination with the above mentioned conditions according to the present invention. 

Depending upon the intended purposes, water absorptive resins comprising the thus obtained polymers 
may subsequently be subjected to drying and other steps, if required. For such steps, known procedures may 
be applied as such with no need of any special operation and equipment. For instance, dryers to be used may 
include a hot air dryer, an infrared dryer, a fluidized bed type of dryer and so on. Normally, a drying temperature 40 
of about 70 to 200° C may be applied. The thus dryed water absorptive resins may be classified into the desired 
particle size with suitable classifiers such as vibration and air types of classifiers. 

If required, the water absorptive resins obtained as mentioned above may be post-modified. By way of 
example, the water absorptive resins may be surface-modified by permitting the carboxylates contained 
therein to react with known crosslinking agents such as water soluble diglycidyl ether, haloepoxy, aldehyde 45 
and cyanol compounds. Such modified products may well be used as water absorptive resins for the same 
purposes as already mentioned. 

Experimental Examples 

50 

In what follows, the present invention will be explaiend specifically but not exclusively with reference to the 
following examples and comparative examples. 

Preparation of monomer (I) 

Placed in a stirring bath formed of SUS 304 and provided with a stirrer and a jacket was 37.5 parts by weight 55 
of an 800/o by weight aqueous solution of acrylic acid, to which 49.3 parts by weight of a 25.4<Vb by weight 
aqueous solution of caustic soda was added dropwise with the application of external cooling to neutralize to 
75 mol% of the acrylic acid. Thereafter, 0.021 part by weight of N.N'-methylene-bisacrylamide was dissolved in 
the resulting solution to obtain as a feed monomer (I) an aqueous solution of a partially neutralized sodium salt 
of acrylic acid having a monomer concentration of 42.5% by weight. 60 

Preparation of monomer (II) 

Placed in a stirring bath formed of SUS 304 and provided with a stirrer and a jacket was 100 parts by weight 
of a 79.1 % by weight aqueous solution of acrylic acid, to which 36.6 parts by weight of a 48% by weight 
aqueous solution of caustic soda was added dropwise with the application of external cooling to neutralize 40 65 
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mol% of the acrylic acid. Thereafter, 0.03 part by weight of N.N'-methylene-blsacrylamlde was dissolved In the 
resulting solution to obtain as a feed monomer (II) an aqueous solution of a partially neutralized sodium salt of 
acrylic acid having a monomer concentration of 65% by weight 

5 Preparation of monomer (III) 

Placed in a stirring bath formed of SUS 304 and provided with a stirrer and a Jacket were 90.1 parts by weight 
of a 79.1% by weight aqueous solution of acrylic acid, to which 40.9 parts by weight of a 96% by weight 
aqueous solution of caustic potash were added dcropwise with the application of external cooling to neutralize 
75 mol% of the acrylic acid. Thereafter, 0.024 parts by weight of N.N'-methylene-blsacrylamide were dissolved 

10 in the resulting solution to obtain as a feed monomer (III) an aqueous solution of a partially neutralized 
potassium salt of acrylic acid having a monomer concentration of 74.7% by weight. 

Example 1 

As an initiator, 0.75 part by weight of L-ascorblc acid was mixed with and dissolved in 100 parts by weight of 
15 the feed monomer (I) to prepare a solution A. Then, as an initiator, 2.5 parts by weight of an aqueous solution of 
hydrogen peroxide having a concentration of 31% by weight was mixed and homogenized with 100 parts by 
weight of the same feed monomer (I) to prepare a solution B. The solutions A and B were supplied to the 
polymerization vessel (300 cm0 x 900 cm) of Figure 1 to carry out polymerization. The polymerization was 
effected under the following vapor phase flow conditions: vapor phase: nitrogen and steam, vapor phase 

20 temperature at the inlet of the polymerization vessel: 40° C, relative humidity of the vapor phase: 70%, and 
average gas flow velocity through the polymerization site: 0.9 m/sec. The feed solutions A and B were supplied 
to the polymerization vessel at a feed pressure of 2 kg/cm 2 and a feed rate of 0.1 llter/min., with the feed line 
being at its extreme end with a feed nozzle (Lumina PR-8, manufactured by Ikeuchl K.K.). About one second 
after supply of the monomer, the polymerization was Initiated In the vapor phase stream to which the monomer 

25 was already supplied in droplet forms. About 20 seconds initiation, a polymer product was discharged from the 
polymerization vessel. The supply of the feed monomer and the solid/gas separation of the obtained polymer 
were continuously carried out. The polymer was found to show a pure water absorption capacity 860 times as 
much as its own weight, as measured after drying, have an average particle size of 130 ujh and be 
pseudo-spherical In particulate form. 

30 

Example 2 

Polymerization was carried out in the same manner as in Example 1, except that the vapor phase 
temperature at the inlet of the polymerization vessel and the average gas stream velocity through the 
polymerization site were changed to 60° C and 1.9 m/sec. for the vapor phase flow conditions in the 
35 polymerization vessel, and the feed pressure and rate were changed to 2 kg/cm 2 and 0.2 iiter/min. for the feed 
conditions of the feed solutions A and B. The polymer was found to show pure water absorption capacity 800 
times as much as its own weight, as measured after drying, have an average particle size of 290 u.m and be 
pseudo : spherical in particulate form. 

40 Example 3 

As an initiator, 0.55 part by weight of L-ascorbic acid was mixed with and dissolved In 100 parts by weight of 
the feed monomer (II) to prepare a solution C. Then, as an initiator, 1.9 parts by weight of an aqueous solution 
of hydrogen peroxide having a concentration of 31% by weight were mixed and homogenized with 100 parts 
by weight of the same feed monomer (II) to prepare a solution D. The solutions C and D were supplied to the 

45 polymerization vessel illustrated in Figure 1 to carry out polymerization. The polymerization was effected In the 
same manner as in Example 1. About three seconds after supply of the solutions C and D, the polymerization 
was initiated in the vapor phase stream to which the monomer was already supplied in droplet forms. About 
five seconds after initiation, the polymerization was completed. The supply of the feed monomer and the 
solid/gas separation of the obtained polymer were continuously carried out. The polymer was found to show a 

50 pure water absorption capacity 760 times as much as its own weight, as measured after drying, have an 
average particle size of 150 jim and be pseudo-spherical In particulate form. 

Example 4 

55 Polymerization was carried out in the same manner as in Example 3, except that the vapor phase 
temperature at the inlet of the polymerization vessel and the average gas stream velocity through the 
polymerization site were changed to 60° C and 1.3 m/sec. for the vapor phase flow conditions in the 
polymerization vessel and the feed rate was changed to 0.2 Iiter/min. for the feed conditions of the feed 
solutions C and D. The polymer was found to show a pure water absorption capacity 720 times as much as its 

60 own weight, as measured after drying, have an average particle size of 210 um and be pseudo-spherical In 
particulate form. 

Example 5 

Polymerization was carried out in the same manner as in Example 1 , except that the nitrogen atmosphere 
65 was changed to an air atmosphere for the vapor phase flow conditions in the polymerization vessel. The 
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polymer was found to show a pure water absorption capacity 740 times as much as Its own weight, as 
measured after drying, have an average particle size of 150 \im and be pseudo-spherical In particulate form. 

Example 6 

As an Initiator, 0.75 part by weight of L-ascorbic acid was mixed with and dissolved in 100 parts by weight of 
the feed monomer (111) to prepare a solution E. Then, as an initiator, 2.5 parts by weight of an aqueous solution 
of hydrogen peroxide having a concentration of 31% by weight were mixed and homogenized with 100 parts 
by weight of the same feed monomer (III) to prepare a solution F. The solutions E and F were supplied to the 
polymerization vessel illustrated In Figure 1 to carry out polymerization. The polymerization was effected in the 
same manner as in Example 1. About one second after supply of the solutions E and F, the polymerization was 
initiated in the vapor phase stream to which the monomer was already supplied In droplet forms. About 10 
seconds after initiation, the polymerization was completed. The supply of the feed monomer and the solid/gas 
separation of the obtained polymer were continuously carried out. The polymer was found to show a pure 
water absorption capacity 680 times as much as its own weight, as measured after drying, have an average 
particle size of 140 |im and be pseudo-spherical in particulate form. 

Example 7 

Polymerization was carried out in the same manner as in Example 6, except that the vapor phase 
temperature at the inlet of the polymerization vessel and the average gas stream velocity through the 
polymerization site were changed to 60° C and 1.3 m/sec. for the vapor phase flow conditions In the 
polymerization vessel. The polymer was found to show a pure water absorption capacity 620 times as much as 
its own weight, as measured after drying, have an average particle size of 140 \im and be pseudo-spherical in 
particulate form. 

Example 8 

For polymerization, the feed monomer (II) was supplied to the polymerization vessel of Fig. 2 under the same 
conditions as in Example 1, except that the vapor phase temperature at the inlet of the polymerization vessel 
was changed to 70° C. the feed rate was changed to 0.2 liter/min., and the feed nozzle was changed to 
1/4MJ020S316W (manufactured by Ikeuchi K.K.). Polymerization was initiated at a dose of 20 megarads with an 
electron beam irradiator provided with a Dynamitron accelerator. The gas-stream flow conditions in the 
polymerization vessel were the same as In Example 1, except that the vapor phase temperature at the inlet of 
the polymerization vessel was set at 70° C. After the feed monomer was supplied to the polymerization vessel, 
the polymerization was initiated in the vapor phase stream to which the monomer was already supplied in 
droplets form immediately after irradiation of electron beam. About 5 seconds after initiation, the polymer was 
discharged from the polymerization vessel. The supply of the feed monomer and the solid/gas separation of 
the obtained polymer were continuously carried out. The polymer was found to show a pure water absorption 
capacity 640 times as much as its own weight, as measured after drying, have an average particle size of 160 
jim and be pseudo-spherical in particulate form. 

Example 9 

The feed monomer (III) was supplied to the polymerization vessel of Fig. 2 under the same feed conditions 
as in Example 8 to carry out polymerization. Polymerization was initiated at a dose of 20 megarads with an 
electron beam irradiator provided with a Dynamitron accelerator. The gas-stream flow conditions in the 
polymerization vessel were the same as in Example 6, except that the vapor phase temperature at the inlet of 
the polymerization vessel was set at 70° C. After the feed monomer was supplied to the polymerization vessel, 
the polymerization was Initiated in the vapor phase stream to which the monomer was already supplied in 
droplets form immediately after irradiation of electron beam. About 5 seconds after Initiation, the polymer was 
completed. The supply of the feed monomer and the solid/gas separation of the obtained polymer were 
continuously carried out. The polymer was found to show a pure water absorption capacity 620 times as much 
as its own weight, as measured after drying, have an average particle size of 130 urn and be pseudo-spherical 
in particulate form. 

Example 10 

As a photosensitizer, 0.05 part by weight of 2 f 2-azobis(N,N'-dimethyIeneisobutylamidine) dihydrochloride 
was mixed with and dissolved in 100 parts by weight of the feed monomer (I), and the solution was supplied to 
the polymerization vessel of Fig. 2 under the same feed conditions as in Example 8, except that the Inlet 
temperature of the polymerization vessel was 50° C and the relative humidity was 80%. Polymerization was 
initiated with the irradiation at 120 W/cm of ultraviolet rays from four opposite sets of eight high-pressure 
mercury lamps, each at 4 KW. The gas-stream flow conditions in the polymerization vessel were the same as in 
Example 1, except that the vapor phase temperature at the inlet of the polymerization vessel was set at 50° C. 
After the feed monomer was supplied to the polymerization vessel, polymerization was initiated, immediately 
upon exposure to ultraviolet rays, in the vapor-phase stream to which the monomer was aJready supplied in 
droplet forms. About 20 seconds after the initiation, the polymerization was completed. The supply of the feed 
monomer and the solid/gas separation of the obtained polymer were continuously carried out The polymer 
was found to show a pure water absorption capacity 800 times as much as its own weight, as measured after 
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drying, have an average particle size of 150 urn and be pseudo-spherical In particulate form. 
Example 11 

As a photosensitizer, 0.07 part by weight of 2,4-dlhydroxybenzophenone was mixed with 100 parts by weight 
5 of the feed monomer (II), and the mixture was supplied to the polymerization vessel of Rg. 2 under the same 
feed conditions as in Example 8. Polymerization was Initiated with irradiations in series of ultraviolet rays at 80 
W/cm from two opposite sets of four high-pressure mercury lamps, each at 4 KW, and electron beams from an 
electron beam irradiator (operating at a dose of 10 megarads) equipped with a Dynamitron accelerator. The 
gas-stream flow conditions in the polymerization vessel were the same as in Example 8, except that the vapor 
10 phase temperature at the inlet of the polymerization vessel was set at 50° C. After the feed monomer was 
supplied to the polymerization vessel, polymerization was immediately initiated In the vapor-phase stream to 
which the monomer was already supplied in droplet forms with the irradiations of ultraviolet rays and electron 
beams. About eight seconds after Initiation, the polymerization was completed. The supply of the feed 
monomer and the solid/gas separation of the obtained polymer were continuously carried out. The polymer 
15 was found to show a pure water absorption capacity 620 times as much as its own weight, as measured after 
drying, have an average particle size of 150 urn and be pseudo-spherical in particulate form. 

Example 12 

As a photosensitizer, 0.04 part by weight of 2,2-azobis(N l N'-dimethyleneisobutylamidine) dihydrochloride 
20 was mixed with and dissolved In 100 parts by weight of the feed monomer (III), and the solution was supplied to 
the polymerization vessel of Fig. 2. Polymerization was initiated with the irradiation of ultraviolet rays at 120 
W/cm from four opposite sets of eight high-pressure mercury lamps, each at 4 KW. The gas-stream flow 
conditions in the polymerization vessel were the same as in Example 6, except that the vapor phase 
temperature at the inlet of the polymerization vessel was set at 50° C. The feed conditions were the same as in 
25 Example 8. After the feed monomer was supplied to the polymerization vessel, polymerization was initiated, 
immediately upon exposure to ultraviolet rays, in the vapor-phase stream to which the monomer was already 
supplied in droplet forms. About 15 seconds after the initiation, the polymerization was completed. The supply 
of the feed monomer and the solid/gas separation of the obtained polymer were continuously carried out. The 
polymer was found to show a pure water absorption capacity 690 times as much as Its own weight, as 
30 measured after drying, have an average particle size of 150 jim and be pseudo-spherical in particulate form. 

Comparative Example 1 

Feed solutions (G and H) polymerization having a monomer concentration of 19.30/0 by weight were 
prepared by mixing 120 parts by weight of pure water with the solutions A and B of Example 1 in the respective 
35 amounts of 100 parts by weight. Polymerization was carried out with the solutions G and H under otherwise the 
same conditions as in Example 1 . The obtained polymer was found to fail to retain any shape in a hydrous state. 

Comparative Example 2 

A feed solution (I) having a monomer concentration of 18% by weight was prepared by adding 358 parts by 
40 weight of pure water to 100 parts by weight of the feed monomer (II). Polymerization was carried out with the 
solution I under otherwise the same conditions as in Example 8. The obtained polymer was found to fail to 
retain any shape in a hydrous state. 

Example 13 

45 The solutions A and B of Example 1 were supplied to the polymerization vessel of Fig. 1 to carry out 
polymerization. The vapor-phase stream conditions were: vapor phase: super-heated steam, vapor phase 
temperature at the inlet of the polymerization vessel: 150°C, relative humidity of the vapor phase: 90<Vb, and 
average gas (steam) flow velocity through the polymerization site: 0.9 m/sec. The feed conditions of the feed 
solutions A and B were the same as in Example 1. About one second after supply of the solution 

50 polymerization was initiated in the vapor phase stream to which the monomer solutions were already supplied 
in droplet forms. About five seconds after initiation, the polymerization was completed. The supply of the feed 
monomer and the solid/gas separation of the obtained polymer were continuously carried out. The polymer 
was found to show a pure water absorption capacity 770 times as much as its own weight, as measured after 
drying, have an average particle size of 130 jim and be pseudo-spherical in particulate form. 

55 

Example 14 

Polymerization was carried out in the same manner as In Example 13 except that the average gas flow 
velocity through the polymerization site was changed to 1.3 m/sec. The polymer was found to show a pure 
water absorption capacity 740 times as much as its own weight, as measured after drying, have an average 
60 particle size of 190 u.m and be pseudo-spherical in particulate form. 

Example 15 

Polymerization was carried out in the same manner as in Example 13 with the use of the solutions C and D of 
Example 3. About one second after supply of the solutions C and D, the polymerization was initiated in the 
65 vapor phase stream to which the monomer was already supplied in droplet forms. About four seconds after 
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Initiation, the polymerization was completed. The supply of the feed monomer and the soiid/gas separation of 
the obtained polymer were continuously carried out. The polymer was found to show a pure water absorption 
capacity 690 times as much as its own weight, as measured after drying, have an average particle size of 150 
um and be pseudo-spherical in particulate form. 

Example 16 

Polymerization was carried out in the same manner as in Example 15 except that the average gas flow 
velocity through the polymerization site was changed to 1.3 m/sec. The polymer was found to show a pure 
water absorption capacity 650 times as much as its own weight, as measured after drying, have an average 
particle size of 210 yum and be pseudo-spherical in particulate form. 

Example 17 

Polymerization was carried out in the same manner as in Example 6 except that the vapor-phase stream 
conditions were changed as follows: vapor phase: super-heated steam, vapor phase temperature at the inlet 
of the polymerization vessel: 150° C. relative humidity of the vapor phase: 90%, and average gas (steam) flow 
velocity through the polymerization site: 0.8 m/sec. The polymer was found to show a pure water absorption 
capacity 700 times as much as Its own weight, as measured after drying, have an average particle size of 130 
u.m and be pseudo-spherical in particulate form. 

Example 18 

The feed monomer was supplied to the polymerization vessel of Fig. 2 under the same feed conditions as in 
Example 8 to carry out polymerization. Polymerization was initiated at a dose of 20 megarads with an electron 
beam Irradiator provided with a Dynamitron accelerator. The gas-stream flow conditions in the polymerization 
vessel were the same as in Example 8, except that the vapor phase temperature at the inlet of the 
polymerization vessel was set at 160°C and the relative humidity of the vapor phase was changed to 70qfo. 
After the feed monomer was supplied to the polymerization vessel, the polymerization was initiated in the 
vapor phase stream to which the monomer was already supplied in droplet forms immediately after irradiation 
of electron beams. About 4 seconds after initiation, the polymer was completed. The supply of the feed 
monomer and the solid/gas separation of the obtained polymer were continuously carried out. The polymer 
was found to show a pure water absorption capacity 580 times as much as its own weight, as measured after 
drying, have an average particle size of 170 u.m and be pseudo-spherical in particulate form. 

Example 19 

The feed monomer solution prepared In Example 10 was supplied to the polymerization vessel of Fig. 2 
under the same feed conditions as in Example 10, except that the inlet temperature of the polymerization 
vessel was 160° C and the relative humidity of the gas phase was changed to 85%. Polymerization was initiated 
with the irradiation at 120 W/cm of ultraviolet rays from four opposite sets of eight high-pressure mercury 
lamps, each at 4 KW. After the feed monomer was supplied to the polymerization vessel, polymerization was 
initiated, immediately upon exposure to ultraviolet rays, in the vapor-phase stream to which the monomer was 
already supplied in droplet forms. About 8 seconds after initiation, the polymerization was completed. The 
supply of the feed monomer and the solid/gas separation of the obtained polymer were continuously carried 
out. The polymer was found to show a pure water absorption capacity 760 times as much as its own weight, as 
measured after drying, have an average particle size of 150 ujti and be pseudo-spherical in particulate form. 

Comparative Example 3 

Polymerization was carried out In the same manner as in Example 1 except that the vapor phase was 
changed to that of super-heated dry air at 130°C. About 2 seconds after supply of the solutions A and B the 
polymerization was initiated in the vapor phase stream to which the monomer was already supplied in droplet 
forms. About 3 seconds after initiation, the polymerization stopped. The polymer was found to be water solible, 
have an average particle size of 130 usn and be pseudo-spherical in particulate form. Unreacted acrylic acid 
and sodium acrylate were detected In the polymer in an amount of 70% by weight. 

Example 20 

As an initiator, 0.55 part by weight of L-ascorbic acid was mixed with and dissolved in 100 parts by weight of 
the feed monomer (I) to prepare a solution J. Then, as an initiator, 1 .9 parts by weight of an aqueous solution of 
hydrogen peroxide having a concentration of 31% by weight were mixed and homogenized with 100 parts by 
weight of the same feed monomer (I) to prepare a solution K. The solutions J and K were supplied to the 
polymerization vessel of Figure 1 to carry out polymerization. The vapor-phase stream conditions were as 
follows: vapor phase: heated steam, vapor phase temperature at the inlet of the polymerization vessel: 180°C, 
relative humidity of vapor phase: 80° C, and average gas flow velocity through the polymerization site: 0.9 
m/sec. The feed conditions of the mixed solutions J and K were the same as in Example 1. The temperature of 
the inner wall surface of the polymerization vessel was set at 230° C (50°C higher than the temperature of the 
vapor phase in the polymerization system) by passing steam through the jacket. About one second after 
supply of the solutions J and K, polymerization was initiated in the vapor phase stream to which the monomer 
was already supplied in droplet forms. About five seconds after Initiation, the polymer was discharged from the 
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polymerization vessel. The supply of the feed monomer and the solid/gas separation of the obtaining polymer 
were continuously carried out. The polymer was found to show a pure water absorption capacity 690 times as 
much as its own weight, as measured after drying, have an average particle size of 150 u.m and be 
pseudo-spherical in particulate form. Table 1 shows the amount of the polymer deposited on the inner wall 
5 surface of the polymerization vessel after its 24-hour continuous operation. 

Examples 21 to 25 

Polymerization was carried out at varied temperatures of the inner wall surface of the polymerization vessel 
under otherwise the same conditions as in Example 20. Table 1 shows the amounts of the polymer deposited 
10 on the inner wall surface of the polymerization vessel after its 24-hour continuous operation. 

Example 26 

The feed monomer (II) was supplied to the polymerization vessel of Fig. 2 under the same conditions as In 
Example 8. Polymerization was initiated at a dose of 20 megarads with electron beams from an electron beam 

15 irradiator provided with a Dynamitron accelerator. The gas-stream flow conditions In the polymerization vessel 
were the same as in Example 13, except that the vapor phase temperature at the inlet of the polymerization 
vessel was changed to 110°C, the relative humidity in the vapor phase was changed to 95%, and the 
temperature of the inner wall surface of the polymerization vessel was set at 210° C. After the feed monomer 
was supplied, polymerization was initiated, immediately upon exposure to electron beams, in the vapor phase 

20 stream to which the monomer was already supplied in droplet forms. About four seconds after the Initiation, 
the polymer produced was discharged from the polymerization vessel. The supply of the feed monomer and 
the solid/gas separation of the obtained polymer were continuously conducted. The polymer was found to 
show a pure water absorption capacity 600 times as much as its own weight, have an average particle size of 
160 jim and be pseudo-spherical in particulate form. Table 2 shows the amount of the polymer deposited on 

25 the inner wall surface of the polymerization vessel after its 24-hour continuous operation. 

Examples 27 to 31 

Polymerization was carried out at varied temperatures of the inner wall surface of the polymerization vessel 
under otherwise the same conditions as in Example 26. Table 2 shows the amounts of the polymer deposited 
30 on the inner wall surface of the polymerization vessel after its 24-hour continuous operation. 

Example 32 

As a photosensitizer, 0.07 part by weight of 2,4-dihydroxybenzophenone was mixed with and dissolved in 
100 parts by weight of the feed monomer (II), and the solution was supplied to the polymerization vessel of 

35 Fig. 2 at an inlet temperature of the polymerization vessel of 50° C under otherwise the same feed conditions as 
in Example 8. Polymerization was initiated with the irradiation at 1 20 W/cm of ultraviolet rays from four opposite 
sets of eight high-pressure mercury lamps, each at 4 KW. The gas-stream flow conditions in the polymerization 
vessel were the same as in Example 8, except that the vapor phase temperature at the inlet of the 
polymerization vessel was changed to 110° C and the relative humidity in the vapor phase was changed to 

40 950/0. After the feed monomer was supplied to the polymerization vessel, polymerization was initiated, 
immediately upon exposure to ultraviolet rays, in the vapor-phase stream to which the monomer was already 
supplied in droplet forms. About eight seconds after the initiation, polymerization was completed. The supply 
of the feed monomer and the solid/gas separation of the obtained polymer were continuously carried out. The 
polymer was found to show a pure water absorption capacity 760 times as much as its own weight, as 

45 measured after drying, have an average particle size of 150 jim and be pseudo-spherical In particulate form. 
Table 3 shows the amount of the polymer deposited on the Inner wall surface of the polymerization vessel after 
its 24-hour continuous operation. 

Examples 33 to 37 

50 Polymerization was carried out at varied temperatures of the inner wall surface of the polymerization vessel 
under otherwise the same conditions as In Example 32. Table 3 shows the amounts of the polymer deposited 
on the inner wall surface of the polymerization vessel after Ms 24-hour continuous operation. 

Table 1 
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Comparative Example 4 30 

Polymerization was carried out In an atmosphere of overheated dry air (130°C) under otherwise the same 
conditions as in Example 1. About two seconds after the supply of the solutions A and B, polymerization was 
initiated in the vapor-phase stream to which the monomer was already supplied In droplet forms. About three 
seconds after the initiation, the polymerization was completed. The polymer was a water soluble polymer and 
found to contain 700/o by weight of unreacted acrylic acid and sodium acrylate. That polymer had an average 35 
particle size of 130 urn and were pseudo-spherical in particulate form. 



Claims 



40 



1. A process for the preparation of water absorptive resins which comprises supplying a solution 
containing at least 20% by weight of a water soluble ethylenically unsaturated monomer as a main 
component to a polymerization vessel accommodating a vapor phase comprising steam or a mixture of 
steam with at least one gas substantially inert with respect to polymerization, and polymerizing the 
monomer In the vapor phase under the relative humidity conditions in said vapor phase of 30% or more. 45 

2. The process according to claim 1, wherein the water soluble ethylenically unsaturated monomer is 
acrylic acid and/or its salt 

3. The process according to claim 1, wherein the water soluble ethylenically unsaturated monomer is a 
partially neutralized salt of acrylic acid. 

4. The process according to claim 1, wherein the solution is an aqueous solution containing 45 to 800/b 50 
by weight of a partially neutralized sodium acrylate in which 20 to below 95% of the carboxyl groups are 
neutralized to its sodium salt. 

5. The process according to claim 1, wherein the solution is an aqueous solution containing 45 to 80% 
by weight of a partially neutralized potassium acrylate in which 40% or more of the carboxyl groups are 
neutralized to its potassium salt. 55 

6. The process according to any one of the preceding claims, wherein the vapor phase comprises a 
mixture of air and/or nitrogen and steam. 

7. The process according to any one of claims 1 to 5, wherein the vapor phase comprises steam or a 
mixture of air and steam. 

8. The process according to any one of the preceding claims, wherein the polymerization is carried out 60 
with the use of a water soluble radical polymerization initiator. 

9. The process according to claim 8, wherein the water soluble radical polymerization Initiator is a redox 
initiator. 

10. The process according to any one of the preceding claims, wherein the polymerization is carried out 
with irradiation of ultraviolet rays and/or high-energy radiations. 65 
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1 1 . The process according to any one of the preceding claims, wherein the temperature of the Inner wall 
surface of the polymerization vessel is set at a temperature which is at least 10°C higher than that of the 
vapor phase. 
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